BACKGROUND: Maternal mortality ratios (MMR) appear to have increased in the United States over the last decade. Three potential contributing factors are (1) a shifting maternal age distribution, (2) changes in age-specific MMR, and (3) the addition of a checkbox indicating recent pregnancy on the death certificate. OBJECTIVE: To determine the contribution of increasing maternal age on changes in MMR from 1978 to 2012 and estimate the contribution of the pregnancy checkbox on increases in MMR over the last decade. STUDY DESIGN: Kitagawa decomposition analyses were conducted to partition the maternal age contribution to the MMR increase into 2 components: changes due to a shifting maternal age distribution and changes due to greater age-specific mortality ratios. We used National Vital Statistics System natality and mortality data. The following 5-year groupings were used: 1978e1982, 1988e1992, 1998e2002, and 2008e2012. Changes in age-specific MMRs among states that adopted the standard pregnancy checkbox onto their death certificate before 2008 (n ¼ 23) were compared with states that had not adopted the standard pregnancy checkbox on their death certificate by the end of 2012 (n ¼ 11) to estimate the percentage increase in the MMR due to the pregnancy checkbox. RESULTS: Overall US MMRs for 1978e1982, 1988e1992, and 1998e2002 were 9.0, 8.1, and 9.1 deaths per 100,000 live births, respectively. There was a modest increase in the MMR between 1998e2002 and 2008e2012 in the 11 states that had not adopted the standard pregnancy checkbox on their death certificate by the end of 2012 (8.6 and 9.9 deaths per 100,000, respectively). However, the MMR more than doubled between 1998e2002 and 2008e2012 in the 23 states that adopted the standard pregnancy checkbox (9.0e22.4); this dramatic increase was almost entirely attributable to increases in age-specific MMRs (94.9%) as opposed to increases in maternal age (5.1%), with an estimated 90% of the observed change reflecting the change in maternal death identification rather than a real change in age-specific rates alone. Of all age categories, women ages 40 and older in states that adopted the standard pregnancy checkbox had the largest increase in MMR-from 31.9 to 200.5-a relative increase of 528%, which accounted for nearly one third of the overall increase. An estimated 28.8% of the observed change was potentially due to maternal death misclassification among women !40 years. CONCLUSION: Increasing age-specific maternal mortality seems to be contributing more heavily than a changing maternal age distribution to recent increases in MMR. In states with the standard pregnancy checkbox, the vast majority of the observed change in MMR over the last decade was estimated to be due to the pregnancy checkbox, with the greatest change in MMR occurring in women ages !40 years. The addition of a pregnancy checkbox on state death certificates appears to be increasing case identification but also may be leading to maternal death misclassification, particularly for women ages !40 years.
Introduction
A national maternal mortality ratio (MMR) has not been reported since 2007 due to known differences in maternal death identification between states with and without a pregnancy checkbox. However, the United States is 1 of only 8 countries to have experienced increases in estimated MMRs over the last decade. 1 Recent increases in the MMR were preceded by a period of rapid decline throughout most of the 20th century and a relatively stable MMR in the late 20th century and at the turn of the 21st century. 2, 3 Complete reasons for the recent increases in MMR remain unclear. Three potential contributing factors are (1) a shifting maternal age distribution, with an increasing number of older and therefore "greater-risk" women giving birth; (2) changes in age-specific MMR; and (3) the addition of a question asking about recent pregnancy status on the death certificate, resulting in increased maternal death identification.
The percentage of all births occurring among women age 35 years or older has increased from 5% in 1980 to 15% in 2012. 4, 5 Maternal morbidity and mortality rates increase with advanced maternal age, due in part to increased prevalence of chronic conditions (eg, hypertension, diabetes, and chronic heart disease). 2, [6] [7] [8] A pregnancy checkbox was added to the US Standard Certificate of Death in 2003 to improve identification of maternal deaths. 9 The pregnancy checkbox prompts the certifier to indicate recent pregnancy status and the time between pregnancy and death, allowing delineation of deaths while pregnant or within 42 days of pregnancy ( Figure 1) . Adoption of the pregnancy checkbox has varied by states, both in timing of checkbox adoption on the state death certificate and in the wording of the checkbox categories.
Changes in MMR can be caused by changes in mortality risk across the population or changes in the distribution of subgroups with variable risk. We used natality and mortality data from the National Vital Statistics System to estimate the contribution of a shifting maternal age distribution compared Original Research ajog.org with shifts in age-specific rates of maternal mortality, on changes in MMR over the last 3 decades. Lastly, we assessed the extent to which the increase in MMR over the last decade could be due to increased maternal death identification resulting from the pregnancy checkbox by comparing the change for states with and without checkbox adoption. A better understanding of the reasons for increases in MMR over the last decade could help guide public health policy and program decisions.
Materials and Methods
Data are from the National Center for Health Statistics natality and mortality files for the following time periods, where the midpoint of each is the decade start: 1978e1982, 1988e1992, 1998e2002, and 2008e2012. Five-year groupings were used due to the relatively small number of annual maternal deaths. For 2008e2012, we present MMRs for states that adopted the standard pregnancy checkbox onto their death certificate before 2008 (n ¼ 23) and states that had not adopted the standard pregnancy checkbox on their death certificate by the end of 2012 (n ¼ 11). States that either adopted the standard pregnancy checkbox between 2008 and 2012, or that adopted a pregnancy checkbox that differed from the standard, were excluded to prevent mixing of effects. Natality and mortality files for all years from 2000 to 2012 were used to assess the contribution of the pregnancy checkbox to changes in MMR (methods described below). Access to the state identifier was provided through the National Association for Public Health Statistics and Information Systems approval process.
All women who delivered a live birth and all maternal deaths in the United States during the aforementioned time periods were included. MMRs are presented as maternal deaths per 100,000 live births. Maternal deaths were defined by use of the World Health Organization's criteria: "death of a woman while pregnant or within 42 days after the termination of gestation, irrespective of the duration and site of pregnancy," where the cause-of-death codes on the death certificate were identified as complications of pregnancy, childbirth, and the puerperium in World Health Organization's International Classification of Diseases (ICD). 10 ICD versions 8e10 were used as applicable. ICD version 8 was used for 1978 and included codes 630e678, version 9 was used for 1979e1998 and included codes 630e676, and version 10 for 1999e2012 including codes A34, O00eO95, and O98eO99. 10, 11 ICD revisions can create breaks in the comparability of MMRs between years due to changes and additions in cause-of-death titles, and comparability ratios have been estimated to represent the net effect of each revision on cause-of-death statistics.
12, 13 We did not incorporate comparability ratios in our analyses because the year groupings only included 1 year from a previous ICD version and was therefore not thought to alter our overall conclusions.
Kitagawa decomposition analyses 14 were used to partition the contribution of maternal age to changes in MMR from, for example, 1998e2002 to 2008e2012 into 2 components: (1) the amount due to a shifting maternal age distribution and (2) the amount due to changing age-specific mortality ratios.
14 Any rate or ratio, including MMR, can be considered the product of the percentage distribution of a factor (ie, maternal age) and factor-specific ratios (ie, maternal age-specific MMRs). By use of the formula developed by Kitagawa and commonly used in perinatal epidemiology, 15, 16 a difference in 2 rates or MMRs, where R 1 is the MMR in 1998e2002 and R 2 is the MMR in 2008e2012, can be reexpressed and partitioned into differences in the distribution of maternal age and maternal age-specific MMRs.
The distributional component is determined by multiplying the difference in the proportion of births in an age-specific category (i) between 2 time periods ðP 2i À P 1i Þ by the average agespecific MMR À R 2i þR 1i 2 Á . It is analogous to direct standardization, wherein a different age distribution is applied holding age-specific rates constant, and yields the difference in rates over time attributable to distributional changes in maternal age. The ratio component is determined by multiplying the difference in age-specific MMRs between 2 time periods by the average age-specific proportion of births. It is analogous to indirect standardization, wherein a different agespecific mortality rate is applied holding maternal age distribution constant, and yields the difference in rates over time attributable to changes in agespecific mortality rates. Live births and maternal deaths were grouped into the following maternal age categories: <20, 20e24, 25e29, 30e34, 35e39, and !40 years. The sum of the 2 components over all maternal age categories (i) indicates the total MMR difference due to Pregnancy checkbox from the United States standard certificate of death
The pregnancy checkbox obtains information on whether a female decedent was not pregnant within the past year, pregnant at the time of death, pregnant within 42 days of death, pregnant between 43 days and 1 year of death, or unknown if pregnant within the past year. This information is used in combination with text written in the cause-of-death statement when coding cause of death for women 10e54 years of age. When the text in the cause-of-death statement does not specify the pregnancy (eg, hypertension) or the timeframe, pregnancyrelated information in the checkbox will identify maternal deaths. ajog.org OBSTETRICS Original Research distributional changes and age-specific mortality changes, respectively. These 2 summed components total to the overall difference in MMRs over time.
We assessed the contribution of maternal age to increasing MMR in 2008e2012 vs 1998e2002 among states that adopted the standard pregnancy checkbox onto their death certificate before 2008 separately from states that had not adopted the standard pregnancy checkbox on their death certificate by the end of 2012, to assess the change in methodology. For states that implemented the standard pregnancy checkbox by 2010, age-specific MMRs for the 3 years before standard pregnancy checkbox implementation were compared with age-specific MMRs for the 3 years after implementation, excluding implementation year. Applying the relative increase in age-specific MMR between 1998e2002 and 2008e2012 from states that did not adopt the standard pregnancy checkbox by 2008, to states that adopted the standard pregnancy checkbox by 2012, we estimated the expected total and age-specific MMRs for the pregnancy checkbox states if the pregnancy checkbox had not been added to death certificates. We then estimated the increase in MMR from 2008 to 2012 compared with 1998e2002 due to the pregnancy checkbox alone, using both checkbox comparison strategies. In the first 2 decades after 1978e1982, even though there was a shift toward older maternal age there were no substantial increases in the MMR. Comparing 1988e1992 with 1978e1982, we found that reductions in age-specific MMR for all but one age group (20-to 24-year-old women) offset the contribution of a shifting age distribution, resulting in 0.9 fewer deaths per 100,000 live births. A 12% relative increase in the MMR occurred between 1988e1992 and 1998e2002 (8.1 and 9.1, respectively). Among states without the standard pregnancy checkbox 
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All ratio differences significant at P < .01 via the use of 2-sample z tests unless otherwise noted. (Table 3) . Among states that adopted the standard pregnancy checkbox by 2010 (n ¼ 34), a comparison of the 3 years before checkbox implementation with the 3 years after implementation demonstrated a similar pregnancy checkbox effect, both overall (pre: 9.6, post: 20.0) and among women ages !40 years (pre: 50.7, post: 163.7). An estimated 12.1 (54%) of the observed ratio of 22.4 deaths per 100,000 women in states that adopted the standard pregnancy checkbox, and 90.3% of the observed change in MMR between 1998e2002 and 2008e2012 in checkbox states, may be attributable to the checkbox alone. If states that adopted the standard checkbox had the same increase in MMR as states that did not adopt the standard checkbox, the overall increase in MMR between 1998e2002 and 2008e2012 in states with the standard pregnancy checkbox would be 14.4% as opposed to the observed 149.8%.
Because of the observed increase in age-specific MMR for women !40 years in pregnancy checkbox states, we estimated the percent of maternal deaths among women !40 years, which may have been misclassified due to the pregnancy checkbox. We assumed the relative percentage increase in maternal deaths among women ages <40 years between 1998e2002 and 2008e2012 indicated the "true" increase resulting from improved case identification. We then applied the observed percentage increase among women ages <40 years to women ages !40 years to estimate the number of expected maternal deaths with the difference between observed and expected yielding the number of potentially misclassified maternal deaths among women ages !40 years. We (Table 3) .
Comment
In both decades immediately after 1978e1982, even though there was a shift toward older maternal age, there were no substantial increases in the MMR. However, the MMR more than doubled between 1998e2002 and 2008e2012 among states that adopted the standard pregnancy checkbox, compared with a much more modest MMR increase among states without a pregnancy checkbox, illustrating the impact of changes to identification methods. In both groups of states, increasing agespecific maternal mortality contributes more to changes in MMR in recent years than a changing maternal age distribution. For states that implemented the pregnancy checkbox before 2008, the greatest contribution comes from increasing MMRs among women ages !40 years. The addition of a pregnancy checkbox on the US Standard Certificate of Death appears to be the main driver of the increases in MMR during the last decade, 10, 17 both by increasing maternal death case identification and potentially maternal death misclassification. Although misclassification resulting from the pregnancy checkbox may be occurring among all age groups, it is most easily identified among women at the upper end of the maternal age distribution. Current MMR estimates for 2008e2012 among women ages !40 years in states with the standard pregnancy checkbox (200.5 per 100,000) corresponds to more than 2.0 maternal deaths for every 1000 women !40 years of age who had a live birth; 1 in every 500 women 40 years and older who is pregnant would die under such a scenario were there no misclassification, a highly unlikely scenario. The Centers for The resulting pregnancy-related mortality ratio (48 per 100,000 live births) was less than one quarter of what we found for this age group using conventional vital statistics among checkbox states. The lack of granularity in the O Chapter of ICD-10 precludes a meaningful analysis of age-specific causes of death that would shed further light on the plausibility of our potential misclassification findings.
Additional contributors to the increasing MMR could include increased prevalence of chronic conditions and increased identification of maternal deaths due to changes in ICD codes, with ICD-10 including additional diagnoses to identify maternal deaths. However, changes in ICD codes are only expected to play a small role in the dramatic increase in MMR between 1998e2002 and 2008e2012, because ICD, version 10, has been used for maternal death classification since 1999 and the increase in MMR between 1988e1992 and 1998e2002 (likely due to changes between ICD-9 and ICD-10) was only 12%. Therefore, either a small or no increase in the MMR occurred between 1988e1992 and 1998e2002 even while the age distribution continued to shift. Our application of Kitagawa decomposition only took into account one variable of interest at a time (here, age). In Kitagawa analyses, age was used as a proxy for changes in chronic conditions. Although mothers of advanced maternal age may have greater rates of chronic conditions, we found a shifting maternal age distribution to be contributing less than changes in age-specific mortality ratios. Therefore, it is unlikely that adjusting for chronic conditions would alter our conclusions. In addition, maternal age and chronic disease prevalence are likely to be collinear, limiting the usefulness of adjusting for both variables. However, changes in chronic disease prevalence within age groups may be contributing to the observed increase in age-specific MMRs among 30-34-year-old women between 1998e2002 and 2008e2012 in states that did not adopt the standard pregnancy checkbox. Further investigation of how changes in chronic disease prevalence may be affecting MMRs within age groups would be a useful next step.
Accurate maternal death surveillance and MMR estimates are crucial for public health planning to reduce mortality risk during the pregnancy and postpartum periods. In the late part of the 20th century, literature emerged that pointed to consistent undercounting of maternal deaths and the limits of ICD-based identification of these events.
18-21 Revising the US Standard Certificate of Death to include a question that establishes a temporal relationship to pregnancy does appear to be increasing case identification. However, incorrect reporting of recent pregnancy such as is likely with the cases at implausible ages explored in this paper may be a source of misclassified maternal deaths. We assumed that factors other than changes in maternal death identification that would affect the MMR (eg, quality of care and incidence of nonpreventable causes of death) were approximately the same in states with and without the standard pregnancy checkbox. Although this is an assumption, both overall and age-specific MMR estimates were comparable in states with and without the standard pregnancy checkbox in 1998e2002 (before checkbox adoption), making it unlikely that factors other than changes in maternal death identification differed enough to cause such discrepant changes in MMR between 1998e2002 and 2008e2012.
The pregnancy checkbox also may be leading to misclassified maternal deaths and inflated MMRs because temporal relationships between death and ajog.org OBSTETRICS Original Research pregnancy may not always be causal relationships. We were unable to determine what percent of the excess deaths among all age groups resulting from the pregnancy checkbox are due to misclassification and what percent are due to accurate increases in case identification. There is an urgent need to discover information about the nature and causes of death identified by the pregnancy checkbox so that vital statistics can be more useful for population-based surveillance of these tragic events. 22 Partnerships between state maternal mortality review committees and vital statistics offices, identifying and correcting errors upstream of death coding, may provide the best opportunity for improving reporting of the pregnancy checkbox. By improving reporting on the pregnancy checkbox, the accuracy of maternal death surveillance and MMR estimates for the United States can more effectively inform activities to eliminate preventable maternal deaths. n
